Abstract: The Lipase-catalyzed transesterification method is utilized as a safe and effective method for preparing various structured oils. As each lipase shows different fatty acid specificity, it is important to select an appropriate lipase according to fatty acid species incorporated into oils. In the present study fatty acid specificities of lipases obtained from different origins were evaluated by transacylation between oils and various fatty acids. Of 12 kinds of lipases used, 5 lipases have 1,3-regio specificity and 7 lipases have non-regio specificity for hydrolysis of oils. Fatty acid substrates of transacylation were 8 saturated fatty acids with 6 to 18 carbon numbers, and C18 unsaturated fatty acids with different double bonds such as oleic, linoleic and linolenic acids. As results shown below, most lipases used gave high transacylation ratios for lauric acid when saturated fatty acids are compared and a different tendency in C18 unsaturated fatty acids. Regarding the fatty acid specificity of different lipases, fatty acid specificity of each lipase differed by its origin. Almost all lipases with or without regio specificities showed high selectivity for C10 and C12, especially C12 saturated fatty acid, and a little selectivity for C14-20 saturated fatty acids. On the other hand, C6 saturated fatty acid was little incorporated into TAG, and C18 fatty acids with higher unsaturation were incorporated easily into TAG. Transacylation activity defined as an acydolysis unit (AU) of an activity which is able to incorporate 1 mmol of C12 saturated fatty acid into TAG for 24h represents high relationship with the known hydrolysis activity. It is considered that structured lipids can be prepared effectively by transacylation based on the proper selection of lipase with higher transacylation or hydrolysis activities for specific fatty acids.
INTRODUCTION
Chemical and enzymatic methods are available for preparation of structured lipids 1) . The chemical methods include transesterification and esterification reaction, fractionation, and hydrogenation 2) , while the enzymatic methods include hydrolysis, esterification reaction, and ester transfer (transesterification, acidolysis, alcoholysis). Furthermore, biological methods, in which microorganisms or plants are designed to synthesize structured lipids, have been developed. Lipase is an enzyme that hydrolyzes triacylglycerin (TAG), to produce glycerin and fatty acids, and it catalyzes transesterification reactions in both microaqueous and nonaqueous systems. The advantages of using lipases for preparing structured lipids are: (1) the applicability of regio-specificity, stereo-specificity, and fatty acid specificity according to the different origins of the lipases; and (2) the fact that lipases derived from microorganisms can be produced in large quantities 3) . For example, while there are numerous studies on novel structured lipids into which functional fatty acids, such as medium chain fatty acids and conjugated fatty acids, have been incorporated, it is necessary to define the various characteristics of lipases so as to utilize the above enzymatic method in a more effective manner for the synthesis of these structured lipids. Yamashita et al. examined the fatty acid specificities in the esterification of fatty acids with glycerin, using lipases of different origins, and reported that: (1) for C18 fatty acids, when lipase OF (Candida rugosa), lipozyme (Aspergillus oryzae), and lipase F (Rhizopus sp.) were used, incorporation into glycerin was effected in the order of: C18:1 C18:2 C18:3 > C18:0; (2) when lipase M (Mucor javanicus) was used, incorporation into glycerin was effected in the order of: C18:3 C18:2 C18:1 >C18:0; and (3) for saturated fatty acids with different carbon chain lengths, when lipase OF was used, incorporation into glycerin was effected in the order of decreasing carbon chain length, whereas when lipozyme was used, a relationship to carbon chain length was not observed 4) . Huang et al. examined the reaction in which EPA or DHA was incorporated into a vegetable oil using lipase SP-435 (Candida antarctica) and lipase IM-60 derived from Mucor miehei. They found that lipase IM-60 exhibited a higher incorporation ratio into glycerin than that with lipase SP-435 when free EPA was used. On the other hand, lipase SP-435 exhibited a higher incorporation ratio than that with lipase IM-60 when EPA and DHA ethyl esters were used 5) . In a study of fatty acid substrate specificities in transacylation reactions, Rao et al. attempted to incorporate 11 fatty acids into coconut oil using lipase IM-60, and reported the following specificities: C18:0 > C18:2, C22:0 > C18:1 C18:3 C14:0 C20:4, and C22:6 > C16:0 >C12:0 >C10:0 6) . Yankah et al. attempted to incorporate C8:0 and C18:1 into tristearin using lipase IM-60, and reported that the incorporation ratio of C18:1 was higher than that of C8:0 7) . Kanda et al. carried out the transacylation of tuna orbital oil with linoleic acid using lipozyme TL-IM (Thermomyces lanuginosus) and lipozyme RM-IM (Rhizomucor miehei) and reported that structured lipids with an n-6/n-3 ratio of 1.3-6.9 could be prepared by adjusting the amount of enzyme and the reaction time. Furthermore they have reported that TAGs containing C8:0 (21.7-38.5%), C10:0 (26.6-48.7%), and C12:0 (28.3-58.3%) could be prepared by varying the reaction time within the range of 4-32h in the transacylation of tuna orbital oil with a medium chain fatty acid using lipozyme RM-IM 8) . Fomuso et al. attempted to prepare a low calorie structured lipid by transacylation reactions between C4:0, or C6:0, and triolein with lipases, and reported that the use of lipozyme IM-60 among the seven lipases tested (lipases G, PS, L, N, AK, AY-30, and IM-60) was the most effective way of preparing the structured lipid, and that the composition of the structured lipid was unreacted triolein (13%), TAG with two short chain fatty acids (49%), and TAG with a short chain fatty acid (38%) 9) . Kim et al. reported the synthesis of two structured lipids by the transacylation of herring oil and pinolenic acid (cis-5, cis-9, cis-12-C18:3) using lipozyme RM-IM and Novozym 435 (Candida antarctica) 10) . Although active researches into lipase characteristics, particularly the hydrolysis, transesterification, and transacylation reaction, are being conducted as described above, we have found no published studies that examined the fatty acid substrate specificities of lipases under defined conditions in transacylation reactions. Many issues remain to be resolved and the purpose of the present work was to examine in detail the fatty acid substrate specificities of various lipases of different origins in transacylation reactions.
EXPERIMENTAL
We attempted to incorporate saturated fatty acids with different carbon numbers (C6, C8, C10, C12, C14, C16, C18, and C20) and C18 fatty acids with different degrees of unsaturation (C18:0, C18:1, C18:2, and C18:3) into TAG substrates using seven lipases of different origins with nonregio specificity, and five lipases with 1,3-regio specificity. We quantified the amount of TAG by TLC-FID analysis of the mixture of reaction products, to determine the TAG recovery ratio. Following methyl esterification of TAG fractionated by preparative thin-layer chromatography (TLC), GLC analysis was conducted to determine the transacylation ratio (%) from the change in the fatty acid composition measured before and after the reaction. Furthermore, a detailed examination was conducted of the fatty acid substrate specificities of the various lipases in the transacylation reactions.
1 2.1.1 TAG substrate
As the TAG substrate for the transacylation reaction, high-oleic safflower oil (HO; Nisshin OilliO Group, Ltd.) was used, whereas for the incorporation of C18:1, highlinoleic safflower oil (HL; Nisshin OilliO Group, Ltd.) was used. For each TAG substrate, the lipid composition was measured by TLC-FID analysis, fatty acid composition was measured by GLC analysis, and the amount of the primary product of oxidation was measured by the potentiometric peroxide value (PV) method ( ). PV measurement was performed for every TAG substrate and although the measurements varied slightly, those fluctuations did not block to their use in the experiments; the lipid and fatty acid compositions remained constant.
FA substrates
With the aim of examining the specificities of the fatty acid (FA) substrates in transacylation reactions with respect to saturated fatty acids with different carbon numbers, the following fatty acids were used: C6:0, C8:0, and C10:0 (Wako Pure Chemical Industries, Ltd.); C12:0 and C16:0 (Koso Chemicals Co., Ltd.); C14:0 (Nacalai Tesque, Inc.); C18:0 (Kokusan Chemical Co., Ltd.); and C20:0 (Tokyo Chemical Industry Co., Ltd). To examine the specificities of the C18 fatty acids with different degrees of unsaturation, the following fatty acids were used: C18:0 (Kokusan); and C18:1, C18:2, and C18:3 (Wako). The purity of each FA substrate was assessed by GLC analysis, and the amount of each primary product of oxidation was measured by the PV method.
shows the composition and properties of each FA substrate.
Lipases
shows the origins and properties of five lipases with the 1,3-regio specificity and seven lipases with nonregio specificity, all of which were used in the transacylation reactions. Lipozyme RM-IM is an immobilized enzyme.
Reagents
All the reagents used were of special grade or first grade, as commercially available and used without further purification, unless specified otherwise.
2
Since transacylation and hydrolysis are competitive reactions, it is desirable to use nonaqueous reactions. Therefore, the water contents of the lipases used in the present experiments were measured beforehand using the heat-drying method 11) . Briefly, a precisely measured amount of enzyme was placed in a glass Petri dish (j 59 17mm), which was then placed in a constant-temperature drier maintained at 105 1 . Cycles of 30 min heating and standing to cool were repeated until a constant mass was achieved, at which point the water content (%) was determined.
3
Transacylation was performed using the method shown A. Utsugi, A. Kanda and S. Hara in . After the reaction, the amount of TAG contained in the reaction mixture was determined by TLC-FID analysis, as described in 2.4.1, to determine the recovery ratio of TAG. Then, the composition of the fatty acids in TAG, recovered by preparative TLC as described in 2.4.2, were determined by GLC analysis, as shown in 2.4.3, to determine the transacylation ratio (%). To compensate for the effect of fatty acid purity, all the transacylation ratios are expressed in terms of 100% fatty acid purity. In the present work a mixture of fatty acids was used in order to obtain reliable data, so that for several lipases a similar test was conducted beforehand using a single fatty acid. It was confirmed that there was no difference in fatty acid specificity between the reactions.
4 2.4.1 TLC-FID analysis
The compositions of the lipids in the mixture after the transacylation reactions and the TAG substrates were determined by TLC-FID analysis (IATROSCAN MK-6; Mitsubishi Kagaku Iatron, Inc.). A mixed solvent, hexane: diethyl ether at 70:30 (v/v) was used as the developing solvent. Regarding the detection of each constituent component by FID, it is known that the peak area reflects the carbon number of the assay sample, so the lipid compositions were determined based on a calibration curve prepared in advance, to correct the peak area data. 
.4.3 GLC analysis
To determine the composition of the fatty acids in the TAG recovered by preparative TLC, the FA substrates, and the TAG substrates, after prior methyl esterification of the specimen using the Jham method 12) , GLC analysis was conducted under the conditions listed in . For quantitative determinations, methyl undecanoate (C11:0) was used as the internal standard.
Peroxide value (PV)
Since hydroperoxide of primary product in lipid oxidation inhibits the enzymatic reaction, prior to the reaction, the PV's of TAG and FA were measured by potentiometric titration 13) .
Acid value (AV)
The amounts of FA produced by the hydrolysis of oils and fats were measured using the method described in the Standard Method for Analysis of Fats, Oils and Related Materials 14) .
RESULTS AND DISCUSSION

1
shows the results of the measurements of the water contents of the lipases used in the transacylation reactions. It was confirmed in the pre-examination that hydrolysis is negligible when lipase with such a low levels of water content was used for transacylation, although the lipases used in the present work contained 2-11% water as shown in .
2
Regardless of the lipase used, the transacylation ratio of the transacylation reaction using mixture 'a' and mixture 'b' of five fatty acids as per procedures increased with time up to 24 h, and thereafter remained constant. However, as shown in , even with the same lipase, the transacylation ratio differed when mixture 'a' and mixture 'b' of fatty acids was used. This appears to be due to the fatty acid specificity of the lipase, that is, the combination appears to have caused the difference in transacylation ratio.
In addition, regarding the transacylation ratios after 24 h of the reactions induced by the non-regio specific lipases, the lipases with higher hydrolysis activities tended to show higher transacylation ratios. Regarding the transacylation ratios after 24 h of the reactions induced by the lipases with the 1,3-regio specificity, lipozyme RM-IM exhibited the highest transacylation ratio, perhaps because the efficiencies of contact with various substrates and the stirring efficiency in the reaction vessel were improved in the case of using lipozyme RM-IM of an immobilized enzyme. Furthermore, it is clear that many lipases are more likely to act on C10:0 and C12:0 than on other fatty acids. However, for saturated fatty acids with shorter carbon chains, such as C6:0, the transacylation ratio was only 0-1% with any of the lipases. The TAG recovery ratio was about 80% with any lipase, and from the results shown in section , it is clear that hydrolysis is weak even if the lipase contains 2-11% water.
and illustrated the compositions of the fatty acids in the structured oils and fats incorporated after 24 h of the transacylation reaction using mixture 'a' and mixture 'b' of fatty acids, respectively. As evident from , C10:0, C12:0, and C14:0 are more likely to be incorporated than C6:0 or C8:0, irrespective of the lipase used. This tendency was especially strong for C10:0 and C12:0. also shows comparatively that C12:0 is more likely to be incorporated than C8:0, C16:0, C18:0, and C20, by the lipases used. The exception is for lipase AS and lipase R. However, lipase AS suggested a different activity between C8 and C12 by combination of fatty acid mixtures as shown in
and . An incorporation of C8 into TAG was remarkably increased by using FA mixture 'b' as compared to FA mixture 'a'. It is necessary to conduct further tests to explain this observation.
18
To compare the reactivity profiles regarding C18 fatty Table 5 Comparison of Transacylation Ratios after 24 h among the Lipases Used (%).
Fig. 2 Water Content of the Lipases Used (%).
Lipase Specificity in the Transacylation of Triacylglycerin
acids with different degrees of unsaturation, as described in section , transacylation reactions were carried out ( ) by adding mixture 'c' fatty acids to TAG substrates (HO or HL), which have the properties listed in . The main fatty acid in high oleic safflower oil (HO), which was used as a TAG substrate, is C18:1; when C18:1 is incorporated, the progress of the reaction cannot be verified due to the interference of C18:1. Therefore, high linoleic safflower oil (HL), the main constituent fatty acid of which is C18:2, was used as a TAG substrate only when C18:1 was incorporated. A prior examination of the effect of the difference between the two TAG substrates of the transacyla-
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J. Oleo Sci. 58, (3) 123-132 (2009) tion reactions using lipase OF, lipase AYS, lipase M, lipase F-AP15, and two kinds of fatty acids, that is C12:0 and C18:0 revealed no differences in TAG substrate between HO and HL. The transacylation ratio in the transacylation reaction of TAG substrates with fatty acid mixture 'c' using twelve lipases increased with time up to 24 h and thereafter remained nearly constant up to 48h, irrespective of the lipase used. The transacylation ratio tended to be lower than the ratio of transacylation in which mixture 'a' or 'b' of fatty acids was used as shown in the right column of . This was perhaps because the overall responsiveness decreased due to the increase in bulk on the basis of unsaturation of the FA substrate, since fatty acid mixture 'c' is a mixture of unsaturated fatty acids.
Thus, it is clear that the responsiveness of non-regio specificity lipases such as lipase G and lipase AS with C18 fatty acid is low, and that lipase AS poorly catalyzes the transacylation reaction regardless of whether the FA substrate is a saturated fatty acid or an unsaturated fatty acid. The transacylation ratios of lipases with the 1,3-regio specificity was the highest when lipozyme RM-IM was used, and about 73% transacylation was achieved for the 1,3 position.
Regarding the TAG recovery ratio, the recovery ratios were greater than 85% regardless of the lipase used. Thus, as in section , hydrolysis was negligible under these reaction conditions even for lipases that contained low levels (2-10%) of water.
Furthermore, as shown in , comparison of the specificities among the lipases based on the transacylation ratios after 24 h using four C18 fatty acids shows that lipase OF, lipase AYS, lipase PS, lipase AK, lipase M, lipozyme RM-IM and porcine pancreas lipase are more likely to incorporate C18:3. On the other hand lipase G, lipase AS, newlase F3G and lipase R are more likely to incorporate C18:1, and that lipase F-AP15 is more likely to incorporate C18:2. Thus, the specificity regarding fatty acid is regulated by the lipase.
The comparison of the fatty acid specificities from the viewpoint of the degree of unsaturation of various lipases shows that any fatty acid with a degree of unsaturation higher than C18:0 is more likely to be incorporated, although no significant difference was observed between fatty acids with or without regio specificity. Furthermore, for many of the lipases, C18:3 next to C12:0 was more likely to be incorporated into TAG substrates than other C18 fatty acids. It must be pointed out that C18:3 was not present in the fatty acids that constituted the TAG substrates used in the present work.
4
reports the results on enzymatic activities determined for transacylation reactions in sections and . Enzymatic activities in the transacylation reactions are defined as the ability to incorporate 1 mmol of C12:0 for 24 h (1 AU, acidolysis unit). The correlations between the hydrolysis activities (x) of the 12 lipases used in the present experiments ( ) and the transacylation activities (y) were examined. This examination showed a correlation of y = 1.2089 x (R 2 = 0.734); in general, the higher the hydroly- sis activity, the higher the transacylation activity. Accordingly, in the absence of information on fatty acid specificity, transacylation activity, etc., in the transacylation reaction, we believe that an efficient reaction can be guaranteed by referring to the known hydrolytic activities and by choosing lipases with high activities. shows the fatty acid specificities of the lipases based on the compositions of the fatty acids incorporated after 24 h of the reaction. For the incorporation of medium chain or long chain fatty acids into commercial fats and oils, with the aim of preparing structured fats and oils, we recommend the selection of lipases shown in .
CONCLUSION
In the present work, we examined the specificities of the fatty acid substrates of 12 lipases in transacylation reactions. C6:0-C20:0 saturated fatty acids and C18:0, C18;1, C18;2, and C18:3 fatty acids were incorporated into TAG substrates (HO). The results reveal that for any lipase used, the most highly incorporated saturated fatty acids after 24 h of the reaction are C10:0 and C12:0. In addition, none of the lipases used had any significant effect on C6:0.
In the transacylation reactions in which C18 fatty acids with different degrees of unsaturation were used, the transacylation ratio tended to be lower than in the transacylation reactions in which saturated fatty acids were used, perhaps because the overall responsiveness deteriorated with increases in the bulk of FA substrate, since a mixture of unsaturated fatty acids was used. The C18 fatty acids that were most effectively incorporated into TAG with various lipases, based on the transacylation ratio after 24h of the reaction, were as follows: C18: 
